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A suitably broken t/(2) 3 symmetry acting on the first two generations of quarks and squarks is 
studied as a natural generalization of the Minimal Flavour Violation principle to the case of a hi- 
erarchical squark spectrum. A definite correlation emerges between the meson mixing amplitudes 
in the K, B ( / and B s systems which can resolve the current tension in CKM fits, while predicting 
a moderate enhancement of the B s mixing phase, in agreement with recent data from the LHCb 
experiment, as well as sbottom and gluino masses in the TeV region. 
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1. Setup 

Supersymmetry with a hierarchical sfermion spectrum, i.e. with light third generation sfermions 
and multi-TeV masses for the first two generation ones, allows to solve the SUSY CP problem 
without sacrificing the SUSY solution to the gauge hierarchy problem [1, 2, 3, 4] because the 
experimentally accessible electric dipole moments (EDMs) are related to first generation fermions 
and are strongly suppressed if the corresponding superpartners are heavy. Moreover, such spectrum 
is favoured by LHC sparticle searches: while the bounds on first generation squark masses are 
approaching a TeV, the third generation ones can still be significantly lighter [5]. On the other 
hand, a hierarchical spectrum is not enough to suppress flavour violation for a generic soft SUSY 
breaking sector [6]. Imposing Minimal Flavour Violation (MFV) is not an option either, since the 
f/ (3) symmetry assumed to be only weakly broken by the Yukawa couplings is explicitly broken 
to U(2) already by the squark hierarchy. A U (2) symmetry in turn has been used to explain, at 
least in part, the hierarchies manifest in the Yukawa couplings [7, 8]. However, a single U (2) acting 
on left- and right-handed fields turns out not to provide enough protection from flavour violation. 

Motivated by these observations, a £/(2) 3 symmetry has been considered in [9] together with 
an appropriate breaking pattern as an alternative to MFV. The starting point is the global flavour 
symmetry Gf = U (2)q l x U {2)u r x U (2)d r - Analogously to the MFV case, a pair of bi-doublet 
spurions is introduced, transforming as AY U = (2,2, 1) and AYd = (2, 1,2). To allow for communi- 
cation between the third generation and the first two, at least one additional spurion is needed. The 
minimal choice compatible with the observed quark masses and mixings is a doublet transforming 
as V = (2, 1, 1). This setup has interesting consequences for CP violation in meson mixing. 

2. Consequences for meson mixing 

A model-independent prediction of the U (2) 3 symmetry and its minimal breaking pattern is a 
universal modification of the Bj and B s mixing amplitudes with a possible new phase as well as a 
contribution to the neutral kaon mixing amplitude which is aligned in phase with the SM. In the 
particular case of SUSY with hierarchical sfermions, these contributions arise dominantly from 
gluino-sbottom box diagrams. They modify the CP violating parameter in the K system Sk , the 
mass differences in the B^ >s systems AMj ;S and the mixing induced CP asymmetries in B ( / — > yK$ 
and B s — > \j/<p in the following way, 

S K = 4 M <"> x (1 +fF ) +4 M(tc+cc) , (2.1) 
S vKs = sin (2/3 + arg (l + xF e 2 ' rL ) ) , AM d = AMj M x 1 1 + xF e 2irL \ , (2.2) 

S v4 = sin (2|ft| - arg (l +xF Q e 2i ^)) , AMj/AM s = AMj M /AM™, (2.3) 

where x is a free 0(1) ratio of mixing angles (chosen to be positive without loss of generality) 
and Jl a free phase. Fo is a positive loop function depending on the masses of the dominantly 
left-handed sbottom squark and the gluino (see [9]). 

This pattern of effects in AF = 2 observables is particularly interesting in view of recently 
mounting tensions in the CKM description of CP violation, mostly among \ek\, AM ( i/AM s and 
SyKs, which in the SM measures sin(2j8) [10, 11, 12, 13, 14]. This tension, if explained by new 
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Figure 1: Left and center: Preferred values of the parameters defined in the text, as determined from the fit. 
The dashed contours correspond to the 68% and 90% C.L. regions in the fit without 5^, the solid contours 
to the fit including the new LHCb data. Right: Fit results for SyQ and SW, as determined from the fit. The 
gray bands are the experimental lc ranges. In all plots, the dashed contours correspond to the 68% and 90% 
C.L. regions in the fit without Sy$, the solid contours to the fit including the new LHCb data. 

physics, could be due to non-standard contributions in neutral kaon mixing, non-standard CP viola- 
tion in B c i mixing or a non-universal modification of the mass differences in the Bj and B s systems. 
In t/(2) 3 , a combination of the first two possibilities is realized. The solution to the tensions in 
turn entails a prediction for CP violation in B s mixing. To quantify these statements, we performed 
a global fit of the four CKM parameters as well as the model parameters x, Jl and Fq to all the 
relevant AF = 2 constraints, taking into account the new physics contributions in (2.1-2.3). In the 
following, the results are presented with and without the inclusion in the fit of the recent LHCb 
result on the B s mixing phase [15]. 1 

The preferred ranges for the U(2) 3 parameters are shown in figure 1. The left panel shows the 
preferred values for the combination Fqx and the phase yi entering B c i s mixing. As shown in the 
center panel, Fo and x are not very well constrained separately, but Fo > 0.05 is preferred by the fit, 
implying sub-TeV gluino and squark masses. The non-zero value of Jl required by the fit to solve 
the CKM tensions implies non-standard CP-violation in the B s system by means of equation (2.3). 
In the right panel of figure 1 , we show the fit prediction for in the S^Ks vs. plane in the 
fit without Syij, as well as the result of the fit including both observables in the fit, using the new 
LHCb data. The results show that the CKM fit prefers a moderate positive value of S^, which is 
compatible with the LHCb results. 

3. Conclusion and outlook 

As an alternative to MFV, a U (2) 3 symmetry makes model-independent predictions for CP viola- 
tion in meson mixing. In particular, assuming the current tensions in the CKM fit to be resolved 
by new physics, it predicts a moderate enhancement of the B s mixing phase compatible with re- 
cent LHCb data. In the context of SUSY with hierarchical squark masses, this points to sbottom 

'At the time of presenting this talk, a large B s mixing phase was indicated by the data [16]. As the following plots 
show, the range predicted for Sw<t> in the fit without the B s data agrees well with the recent results by LHCb (using the 
average of B s -> yty and B s —¥ yfo data). 



3 



U (2) and MFV in Supersymmetry 



David M. Straub 



and gluino masses below about 1 TeV. Imminent improvements of LHC bounds on 3rd generation 
squark masses as well as the B s mixing phase will allow a test of these predictions. If realized, 
visible effects are also possible in CP asymmetries in AB = 1 decays, as is discussed in [17]. 
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